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I. OK THE DETERMINATIOK OP THE COEFFTCIENTS CP THE GAUSSIAK 
GENERAL THEORY OF THE EARTH’S MAGNETISM FOR THE YEAR I 885 

AKD ABOUT THE RELATIONSHIP OP THE THREE EARTH -MAGNETIC ELEMENT ^ * /l 

Almost six decades have now passed since Gauss published his 
treatise ’’The General Theory of the Earth's Magnetism" in 1833 in 
"The Results from the Observations of the Magnetic Soclety"^^. Soon 
thereafter, in 18^10, the well known "Atlas of the Earth's Magnetism" 
by Gauss and Weber appeared which was calculated en the basis of the 
theory. Prom the then available observations. Gauss had calculated 
only the first 2^ coefficients which are contained in P', P", p’’’ 

i V 

and P . Moreover, this seems Justified if we consider the defi- 
ciency of the magnetic measurements of the Earth available to him. 

Unfortunately, later calculators of the Gaussian formulas* — Erman and 
2 ) 8 ^ 

Petersen , Petersen and Neumayer-^' and Quintus Teillus — have remained 
with this limited number of coefficients, 2^, although they represent 
the observations only very roughly. The causes of these mistakes are 
certainly the following. In the first place. Gauss himself (GWV, pp. 
146-1^8) overemphasized the difficulty of calculating the coefficients 
g, h of his theory from the observations; then he only hinted at the 
only useful, practical method (loc. sit.) which he recommended, but 
did not put it in a form suitable for calculation. This method was 
carried out to a limited extent by Erman and Petersen and apparently 
by the other scholars named, but not very successfully. Finally, 

^ ^Reprin^ed ~agaln~ln I 867 in the fifth volume of Gauss's works, pp 
121-193 . In the sequel, I shall designate this work by GWV". 

2 ) 

"The Foundations of the Gaussian Theory and the Phenomena of the 
Earth's Magnetism in 1820", by A. Erman and H. Petersen, published 
by the Imperial Admiralty, Berlin, 1874. 

3 ) 

"Atlas of the Earth's Magnetism", by Dr. George Neumayer. Intro- 
duction pp 18 - 20 , in "Berghaus Physical Atlas IV", Gotha, Justus 
Perthes, I 89 I. 

* 

lumbers in margin indicate pagination of foreign text. 
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Gauss and Web^r* have misled the later calculators of the theory 
through a remark which is on page 32 of their Atlas of the Earth’s 
Magnetism. This remark reads: "As regards the comparison of the 

theory and experience through the entry of Individual observations 
In our charts and graphic representation of the differences, these 
would of course not be without Interest, but would be useful only If 
the observations were numerous enough, reliable and nearly simulta- 
neous so that this comparison could be the basis of a corrective cal- 
culation. For this purpose. It Is not necessary that these observa- 
tions originate In the year 1830, for which the magnetic state of the 
Earth Is determined In the present charts. No such observations 
exist from this time. But certain observations can only be made in 
the future. Nevertheless, their comparison with the theory through 
entry Into our charts and graphical representations of the differences 
can serve as the basis for a corrective calculation. To be sure, 
this will not determine better the magnetic state of the Earth for 
the past epoch, but it will determine the state for the new epoch 
with an exactitude which far surpasses the present precision. Thus, 

It Is hoped that such a more complete and more reliable system of 
simultaneous observations will soon be carried out and that the here 
indicated use will soon be made of It". 

Dr. Neuraayer quotes the above words of Gauss and Weber on nage 
9 of his Atlas and he believes he attains his goal, l.e., greater 
agreement between theory and observations by means of an extension of 
the theory developed by Gauss, and entry of the differences between 
the incompletely calculated Gaussian series (only 2^ coefficients) 
and observation. (e.g., Neumayer's Atlas, text page 20), 

However, It is clear that if only 24 coefficients g, h of the 
Gaussian series are calculated, we cannot obtain for Them very correct 

4 ) 

'^The theoretical works of Dr. A. Schmidt (Gotha) which are men- 
tioned by Dr. Neumayer on page 20 are unfortunately not availabls 
to me: I have only read some hints concerning them. His calcr 

lations seem not to have extended beyond whereas is stlul 
perceptible. ^ ^ 


values, since in these calculations, the g and h values are not 
independent of each other due to the fact that somewhat different 
values must come out for the first 2^1 g, h, when we raise the number 
of unknowns from 2^ to 35 or ^3 or 63 . Of course, the influence of 
the later g, h on those preceding becomes less, the more coefficients 
are calculated. 

Now since it has been established that the magnetic elements 
observed on the surface of the Earth consist essentially of two parts, 
one which progresses regularly and an anomalous part, which has in 
part the character of a chance phenomenon and in part the character 
of a systematic phenomenon, therefore, in order to pass a definitive 
Judgment on the value of the Gaussian series, the series must be 
developed far enough and so many of the coefficients g, h must be 
obtained that inclusion of new coefficients no longer diminishes the 
difference between computation and observation and the remainders 
display as much of a randan character as possible. This holds for 
my calculations below which are based on the excellent charts of 
Director G. Neumayer (Hamburg) in connection with the transition from 
to P^^ so that the number of required g, h does not exceed ^ 8 . 

All told, I have computed 63 coefficients and have found that the /3 
work is by no means very great, provided that one goes about it 
correctly. In this connection, I did not use the method of least 
squares, but the method of the least and greatest coefficients whereby 
the computation was considerably facilitated. The number of unknowns 
which had to be calculated from the individual groups amounted at 
most to only four. 

I have retained almost all of the symbols which Gauss used. How- 
ever, I have renamed the superscripts of P more briefly with Roman 
numerals and I have designated the indices of k, 1, m, K, L, M, of 
cos nX and sin nX in the formulas for X, Y, ZbyO, 1, 2, 3 , 4, 5» 

6 , 7, while Gauss uses dashes; finally, I have called the horizontal 
Intensity t, vrhile Gauss uses u. I now pass on to the exposition 
of the course of my computations. First of all, I borrowed the 
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following declinations 6 of Table (1), the inclinations i of Table 
(2) and the horizontal Intensity t of Table (3) which are based on 
observations for the year 1885, from the charts of Dr. Neumayer. 

X is the longitude east of Greenwich, is the latitude and u 
is the angular distance from the North Pole so that ^ + u = 90® . 

Declinations 6 for 1885 according to the chart 
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TABLE (2) continued) 
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Horizontal Intensity, t, for 1885 according to the chart 

TABLE (3) 
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Prom this I computed the three components, X, Y, Z of the 

Earth's magnetism according to the familiar formulas: the northern 

X = T cos 6, the western Y = x sin 6, and the vertical Z = x , 1. 

oty. 

For each of the 17 parallel circles, I thus obtained 2i) equidistant 
values of each of the three forces X, Y, Z so that the derivation 
of the cosine and sine series for them presents no difficulty, espe 
dally since I have given the formulas used the following practical 
form. 


Let the periodic functions X, Y or Z have the general form: 
or 

and let the 24 equidistant, observed values of X, Y or Z be denoted 
by the numerals 0, 1, 2, 3j 4,..., 22, 23, where 0 belongs to the 
longitude X = 0, 1 to the longitude X = 15°, 2 to the longitude 
X = 30 °, etc.; then let us compute the constants uu, AA, b'b', BB, ec 
dd, DD, ee, EE, nn and mm with the help of the given 24 values 0, 1 
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2, 3, 23 of the functions according to the equations C^); 
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i4^ 

where 1/2^ signifies an unnamed number and the parentheses contain 
the given values of the functions; and the coefficients 


of cos X, cos2X,.,., respectively, as well as the coefficients 

of sinX, sin2X,..., respectively are found by means of the following 

formulas C^) : 
a 


/t<i fr%/ jtfd 4»* * 
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Ji> <#• 

/t </*V<i«i »i/ ♦ <*i, •■ ^#** ^ ' 


= zero; hence M 

Herein the numbers 12 and 1/2° are not function values, but unnamed 
numbers . 

With the help of C^) Sf^d (^)gji it is easy to find all 2^1 
coefficients of the series 

X » 4; X « «( «rj I A -f «jr»oX jX * 


since the same quantities are frequently repeated. Indeed, the 
above two series for and consist of the same sums as the 

two series for jfi- and 2/" , except that the signs of the terms are 

occasionally opposite. As is evident from the following tables (5)j 
(6) and (7), I have only computed the development up to TJ since the 
higher terms are very small and irregular. 
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The averages'^ of all 17 parallel circles are taken without _/9 
regard for the signs— —the vertical number rows 

^ ^ 

of the foregoing three tables (5), (6), (7) are functions of the 
latitude, 9, or of the angular distance, u, from the astronomical 
North Pole, and it is above all a question of finding the analytical 
expression for it. According to Gauss (cf. GWV, pp iIj 2 -liJ 3 ), the 
potential U, divided by the radius of the Earth, R, is 

and the rule given by him on page 1^12. for expanding the quantities 
J , leads to the following expressions for them, which except for u 
and the longitude, X, (east of Greenwich) and 63 numerical coeffi- 
cients of the theory to be determined— » 

>**/***• AO 

etc. — contain formulas (8)j 


7 

— *t\ 

J A iX)enHtU <1 V ^ ^ cm >A h\ 

7^7 r# A+A^r» <€ 

•*■(7 O ; 
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Furthermore, according to Cfauss, we have formula 

J 

y { ./X 4X 4X 4X * 

X }?**»?“* .... 


(9): 



In order to obtain the analytical expressions for the coefficients 
of the above tables (5), (6) and (7)j we must, according to formulas 
(9)> differentiate the formulas (8) with respect to u and X, and 
form the sum for Z. In the formulas for (X), (Y) and (Z) thus 
obtained, I have for brevity set cosu = e, and sinu = f, and for 


the following functions, which depend only on even powers of the 
quantity e, I have used simple signs, the letters 2 

etc., namely: 


/L«jiU » t 

f'.t.Hk nf 


Formulas if/4j, 

/*- Af rW/T £** tJtft mJtf 

• X, 


2- *.nut <* *0.t>U • Ol 


A Armi ‘V*-#.*/w u 4 






[e*<i£H22f^$VI5»4 






omcimi page: b 

OF POOR QUALITIC 


Formul as [XJ 

< >/• 
vM/3. V- ♦< r/frtX *f*ii 4 

•*I* A #A/Vj/ v*2 V V-«S 

A/v ♦/: 

•^-/W‘ 

For the coefficients K^, Kgj K^ •■• of sinX, sln2 X, sinX ... 
respectively, the formulas (X) hold also, hut with the difference 
only that the symbol "g" is replaced by the symbol "h" and Instead 
of the numerical values k^, . . . , the numbers K^, Kg, given 

In Table (5) must be used, so that 

^te. »fr. 

Formulas 

f, • >'*« f *f"* //*/5/9 ^ V*^ V ^ +/k/9/ 

u . /*> 

A */ W'** 


NOTE: The underlined numbers of formulas (10) are logarithms 

which are used instead of the corresponding numbers. 


i 


page m 

cr 

The equations for are obtained from the correspond- 
ing equations for by putting -4 -*4 ^ place 

respectively of and rej. lacing g by hj so that 

-< .a‘Vi'4 

»A*V/ A 

4ft. 

Formulab(i^ 

w. .>*1/ ,;V. A’f'v'S ' y.' V 

"S*/V V'i '/ */V-< v'iiM 

w, V"V 

«,.yV’ 

Since the same formulas hold for v4r, as for those just men- 

tioned (Z) for W/ '*»!•*•• wi,, , respectively, it is only necessary to /1 3 
replace g by h and to apply the numerical values .‘^1 of 

Table C ) when h is to be computed. Since in the first terms of the 
T, formulas (8), no X appears, so the following two groups (X)^ and 
(Z)^ remain for determining 
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Henceforth, the Individual equations standing in horizontal 
lines will be denoted always by the simple numerals, 1, 2, 3, i], 5, 
...l6, 17, which head them in the first vertical column. B'rom equa- 
tion 10 on, for which u = 100°, the numerical values of the coeffi- 
cients of the northern hemisphere recur here and in the following 
equations (X), (Y), (Z), (Y)^, (Z)^..., (X)^, (Y)^, (Z)^in 

the southern hemisphere and they have the same sign in both hemis- 
spheres, if no ^ is present as a factor; they have the opposite sign 
if i is present as a factor. As is easily verified, it is not diffi- 
cult to discover always such a combination of the primitive equations 
(X)^, (Y)^, (Z)^,..., (X)y, (Y)^, (Z)^, in which the coefficient of 
that quantity g or h that is sought is in turn numerically as large 
as possible and the coefficients of the remaining unknowns g or h 
are as small as possible or zero. This Is done by summing the 17 
equations all together or as many as possible with their own signs 
(indicated in the following columns, N, by +), or with the opposite 
sign (indicated in the columns by -). In connection with this proce- 
dure, there is almost no arbitrariness in the choice of the equations 
and their sign, if the above mentioned goal is always kept in mind. 


to' be 
determined 

-• ft A, 1 4-iALh *n.iU 4«jr $ — 

^ *tM *ytpt •i,ur*9 

‘ **•*’* **-^*^<^* 
f ((*), Hitii ***** 
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Of these equations the pair I serves principally for the deter- 

mlnation of , the pair II for the determination of f-*, the 

pair III, for thac of , and IV for that of f*') ; furthermore, 

the equations V are formed for the computation of f j VI for the 

computation of , and finally VII for the computation of , 

while in I the coefficient of y^*^ is greater than that of the other 

2 0 

unknowns; in II the coefficient y * is greater than those of the 
other unknowns, etc. Accordingly, we obtain by concentration of the 
double equations I, II, ... VII the following two groups of equations 
of which the one contains four unknowns other 

contains three unknowns -p*’*y* 


equation UO • 
*•* .... »• . 





The values for «> p** which result from this are 
written into the table (19), which follows further down. 
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Prom this there results through summation of 3 successive rows 
each (X)^, (X)^, (Z)^, the two groups of equations (12) and (12)^: 
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With their help, I computed the l4 unknowns *'*ji*'*$^*^*^^*^ji^* 
and of the Table (19), which follows further below; 

in this table, all the coefficients of the Gaussian theory for the 
year 1885 are collected. 
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-0194 

49J99 

40JU 

491/* 

At 431 m 9 

f 

u 

*3900 

9.090 

-0.7>7 

ilJ00 

*0.Vt 

0.009 

H0H 

*t.4Sl»* 

It 


*t,70i 

•*43* 

-9J*9 

*0M4 

4*A* 

-9JU 

-9,94* 

49M3-9 

u 


*U*3 

-ti0t 

-9Jh 

40.331 

••74 f 

-4*4$ 

-9J34 

*9.iV*4 

n 

m 

*t4t0 

-3.m 

*0.n7 

-♦.4M 

**j9ir 

-t,nr 

4*.Uf9 

n 

n« 

H749 

*409 

4*371 

-0Jtl 

-9,190 

*0737 

-9./99 

*0Ji/mt 

/JU 

tti 

*a*Q 

*.X4i 

*9jn 

**n 

40.19* 

*0.094 

-9.109 

***>f*— 


/r 

/& 

ir 


from 
-for 


/«} 

. ♦«!/ 
/7<t ftW 


this 


M.7|y 

-I»J« 


foil ows 

JT 


A%.w •om 
+#.io 

4»»»l .>#41/ 


•*.UH 40X*t»4 

-<w> -*«^r’4 

rCAft H.t*US 


i 

■*<»*> ** 

*0Ml 

*itm *4.m •*.**» 4-iTixnyii^t 


...... 


f jlpit ^*r*4tr*4*4*m*0Ht»uH* 

f*4 *^*t*»*i§*S4/t*/l 

(0(1^ 4,m« *%Mti -tu» 4-43^ 

> ]Ok*******t>^**9^**)*O**^***0**0> +<«w <K5«-4Ji«o 

*.••* 9,090 ^,9lf •4,094*9 

f^\Mt0*i*^3)^tU9*yMttfHAH4*4lt9^tf*9tHt) •9.U4 MW| Ht*9 *0JiX'*9J**»9 
<w, f0*i*4></40*-i}Hi*7Ht)-9iM%H3Mh*tl40O*4.liX 49,90t *9490 -0,tti>*0,*>l*9 

’ M i^f\f>*•*i**•fH****i*^*^»*0*A)*{*t*9^*’^r»^t*n} *^iJ9f^.0t9f*U,}*fm*U/t9*9^•• 
i * (t9r0$4y*O^/*0*0*9l**t**¥ *7f*H *9.*it -04*0 *t4t9-*4>9** 

t(j^ (%***t*9*0*9}-(t9*0*lt4n****'*f,^ *>*,9*0 *0099 *9,t,t% **.9ti~9,9V:9 

for . ^ • , '. ' 

nl9)l^*9*i**f^*«*y*O4(f»*0*/MV*//9*t099t4n) xut *9^9n4Xt^*^^Hm0 

-4490 **.009 *9.*H 

AW^^^****^**^^9*9^>**>0’^^ HW */,urHmH0t0»0 

fm^*fy/t*f*4)t{9*t}^40*9^ ^tl* *0,*fi *9^i9f •4097.4 

! itt4 (t*9)Mt*4y*tt*9^09Om*t9H>t*t4) *0,)n *0.*»* 41*00 * 40 *f^wi»* 


/1 9 


No use is made of the primitive equations 1 and 17 of the groups 
( 2 ) 2 , since the observed values 

*H* (•4,: are obviously burdened with significant 

errors . 
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By summation of each three successive equations (Y)^ and 

(Z)^, we obtain for the computation of |^**/'*^**<('V*^ the 
equations ( 13 ): 

9 4 

-4«/ ■« 


and for the computation of * and the equation 


( 13 )„: 


4 }fi,J‘/t9^4*.tJ^fr;-^,/77 »# 

•i J /„ 4^tt3 # 

44 JtJil/ +#, H^JJi » # 


The values of the 12 coefficients ^%**ji**/*«’j**j** 
are recorded In Table (19). 


No .M 

/ 

f 

J 

t_ 

,:•( 

w 

u. 

A*_ 

. Primitive Equation (X/i ^ 

44,tu 4t,m -«#*#-#,W7»# 

♦iirt'# 

M.*M 

j 

t 

/e 

*• 

71 

lU 

+/^lt 

*tjer 

♦4JIJ 

»,9tt 

-4*7# 

•9,1*1 

•*,9*9 

•tStt 

•tm 

•9AV 

''•1.197 

9rt,it* 

•9. a* 
•*.9t7 
49.m 
99.nt 

'H!A67 9*Jtt»*. 
**All 49Mfmt 
49.*t¥ 4*jmmt 
99M9 4*M»w9 

> 

Tr 

*.*96 

•‘it** 

99*9 

‘4*Jk7\ 

9,999 

4*JtU **JU-»9 _ 

It 

7»* 


'*.m 

4*.Ui 

49.199 

t.iif 

4*^ tJttm* 

H 

n» 

•47«’< 

•t.Htt 

4*Jtt 

•9.1*7 

•9.!tk 


It 

»%9 

- 4 /ir 

4#f» 

49.99i 

•^.tu 

Htsf . 

-Ml) •t.t^^t 

n 

lit 

-«/ix 


4*.t*i 

•tAU 

49.H* 

•9J*l% •^Jtttw* 

>i_ 

i*tt 

-AJSC 

4».tn 

•9.179 

•*.tu 

4*jn 

•6j*t9 *9Ai9»9 . 

ir 

Ift 

•*Mf 

4«J*9 

-4J«7 

49,/tr 

•9.9*M 

•9.9TJ •t.tUnt 

n 

lit 

>4)1# 

4*.Ui 


4un 

•9.9H 

•9.9H 

/) 

hi 

-4M» 

**.*0 

•9,979 

49,tff 

•9.9fi 

•*tH H*t*'*t 
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Jti’q. 
No /I 

/ 

I 
3 


11 

if 


Primitive ^Eouat^on 

I If' *'• 

k*#« Ji ii! >«#>! ^ tS -<f»f •• 

4 t.}f/ Ml)* 

•♦AJ/f ^./>l 


Ea. 


f 

:*f. 


♦f.fff 



-nifi-Mf/r. « 

/ 

f$ 

H«* *4/31 

♦f,«t 

+«.//> 

ff.H& 

-#.f;4^/f/ -f 

4 

it 

n<f» ♦/./If 

ff,3/l 


-to* 


) 


*^♦3 ♦f.lff 

^.f/4 


-f,«/ 

f«,ff/f«,ff/ml 


fjL 

«.»» -ff./fr 

-fJl4 

"f>/<3. 

.tftfiiL 


f 

r3f‘*i>*i f.#ff 


«ff# 


4§MtH.m •# 

ft 

/If 

♦4»»f •f.W 

•V,>3< 

•if,/TT~ 


-rf,/19ff>4f ■# 

// 

//# 

n*»> -fj#4 

49, fU 

4f,/4/ 

-<f/y 

fV3/ff,//f »f 

Ik 

/4f 


4t,H) 

ff,fl4 

-H#7* 


n 

/3f 

-4/31 

**,Ui 


f«,ff| 


i± . 

lh.t 

-A*ff 

4f.f9i 

-f.i» 

dfdn^ 

4».liP*tJl\*0 

tr 

tSt 

•tC.7f» 


-Al/f 

49Jt% 

H.lFIH,iHw9 

If. 

n* 

♦I.Ji/ -#.JIf 

*».ttf 

-f.l« 

4e^M 

40,t»*49,Hf^0 

It 

nt 


4».m 



HLM4t.0Um0 

• - 

Primitive Equation 

‘TtS 

* . 



to. 

/ 

1 

1 

u 

le* 

tf 

3# 

if 

i 

\*«,m 

\*t,m 

141/t 

' .r /,i ' 

***.tUif 'Kiifj *0,9u f 

44JU *•>!*! **Jii Htu 

lf.fl/ If.lff IfJfl iflJ) 

l/.ll> *«7/l Ifllf fflf/ 

11 * 
%f/l/Mf/ 1 > -f 

ll.flllf.lfl »'f 

~«,nr4»j»t’ • 
^t.m ^01 • I 


A# 

*K'*9f 

♦ 4 *H 

Ml/i 

«.Mi 


•f.ift-ffif'f 

4 

4# 


<i 4 ity 

if,»/ 

-ff/t 

•0JU 

-f.l/« iMV'f 

y 

y# 

♦4llf 

l4f/» 

HIM 

-fWf 

•0AM 

ifilfii./ 14 -f 

# 

.1^ 

Ilf If 


•ci/i 

-fttl 

4BJU 

44,fti4tJ*ir9 

1... 

ff 

li.m 

ffif 

-f«> 

fffi 

49. M 

49.H9 4f |}f» 1 

/f 

/ir 

fJ.IW 

•f.fl> 

•flf* 

ll/lll 

49,9it 

lf,*>l*l4Jl*l 

3/ 

//# 

14 Iff 

-/>/> 

♦fl»> 

HUf 

-f./il 

ff,/| 1 fftlfr* 

/k 

/jf 

4i,SU 


♦f/W 

Mffs 

•»M 

44J7l4»jntff0 

/) 

«f 

Htn 


iff/i 

-f4»i 

4tjtn 

*9.nt 49jnw9 

/V 

M 

>A«4l 

-4f/y_ 


-f.117 

•»tf,|f/ 

4t.m44Aft^9 

/f 

iff 

l4/f| 


«,»># 


*U\t 

+flflli.fjf»a 

/£ 

/4l 

li./lf 

•i./tt 

if/lf 

•0JI.I 

4ejti 

lf./f/lf.fJi>4f 



•f.iu 


,A£AI, 

•W./IO.f/Hrl 


From the px'’ecedlng primitive equations (X)^, *^^^3 (2)^, 

the following: 


tor 

I ..•# . * 


♦■*»,»<» 

♦ *«.»<*• ■*«*>* 
-A#X tyi»t •*/»< 


^ll>/»''«<»>»*»f**>*^»^**»*'***'^*^''*^**'**'^*'**'*’ 


2 4 


derive 


V 


Page rq 
OF POOft QUAL/TY 


f ^ #4 

| HIW 4O»9*4,M*%Mb0 

"jtjyj^'***J***<'^*<»>'****/M'>*^*w+^*<'V # 

(^1 •X4C<»*t44*t*thO0*uHt*n*t4)Hi ^fLU * •f/** 

i(j^ -#y*l 

•<«« n*X 


The final equation (l4) for <^*'*X^\** and (1^)^ for 

and , are accordingly: 

Equation U*J 

9^ k 

•l,i'lkf^UH,4t^/‘\4^nif^*4§.tU4't.§U% 9 
■49, VU}^* '• 


Equation UpJt 


-/fj 

♦■#,t#* -</J 


/>// -</♦»•# 


The values of >V^* vV^/4. t ^^**^^* ^^*^ computed 


according to (1^) and (l^j) ^ are. 


a- 


coeffJcients of the theory, also 


like the values of the other 
oted in Table (19). 


L 


P^r^nitive Egua. m 


Wn, 


• f/V y/**t! *JC^ 

/944^Xf^^e0$Cf^i4.0t/*»€frf*%.SH 'H>«/t.« 
ts* *4/n 44,07 44,M» 44.4U 44, $n «,#*•■# 

3*KtJ) 4».l»« 4fiv 40,/n ••.m-9,9»t*» 

49*t,VS *4,m *0*U 4C.ttk "4««f -»■</»» 


n*4,tri. 44.4'n 44.»/\^,M,t 

t9*f,tu 4»JH •9,140 49,tii 44,4»ys0 

>944,00 -9,144 .#,#»4 ^Jit 49,4H44,44^rt 

ie*e,u\ a,t/f 

S9 4,444 -y.Wl 9040 *4jy/ 44,4a44t.0tts4 


P:|imitive EquatiprllS^ 

l4^444f*44,4t//Hi4tiJ%4/f/9f044m9,9/tw9 
H/.V ♦»,«» 40,4tf -9,0M 
Ih444 «#.tj| HU0 Httr •9,9/9 -4,9Um9 
4/.49t *44/4 *4,tH -^JU •4.99X99 


/t lUt^Ul -4,M 4t,Hl i0,/e7 44,4/4 -44,4/1,4 
0 -•.M* 44,H7t-^M •9,t/> •9,94\~0 

lX’ IU-4.ii7 44jii, *!,X44 40.4tr»4 

^y,li9-9Jfi i4,‘»7j -4,t\\-»,/U ~4,4tt44At9T0 
f!tli**-t, t/i_4i,fM .‘9A U *4.4ti ^C.cji449/ir0 

n 

/< 

V7 


Hni *»At4 44.*I4 •0,9H- •*4tl*9 
4M*I *9.*tl 99Ht •4,9H •9,9974 9] 

HJ» 49.447 -#^l» 99,9tr~9M.uS. 


*m9 40,m -9.m -i./ ji •*».»♦> ‘<,#ff »# 


lt9-t.4l\ fUt* 4$jil •4,0ti44j0iOM0 

U9-t/ra 4IJi7 -4,//4 04,U/ -9,0tf44.44fe4 
/?#•<, <t/ 4I.4\J0 ‘4,t/t 44,4ir 94,4/>-9,9U~4 


44.H0 9404 «4.U» Xm -90, 9U-4.9nt9 
•4,U\ -4,Ul 99JH 40,949-0,9194 9 
*iM4 •i/ir 44,407 9t,ti9 99,9*9 •9.9/9 m 9 
■9*999 -t.tn 44.40 •*.4K-H,907-9/inr9 
♦4>»| -/,/,r( 44.004 -t/Ut 99,9*9 -9,9X9»e, 
*tJH. -9.M 44.0V/ -4.tn 40MF -9,90749 
44444 -9,4ii Ult9 -9,ixf 999*9-9.9/^ tfi 
44.no -9,/TO 4907 -i.9ft 49,9%r40,99to9 
9l»v,-4ju 94,0/i -4,0/9 •9,999 40j0lim9 
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j-mr 

OF POOH QOALfr/ 
Primitive Equation tfA 




/» ^,w/>V(w«r 

II ♦VM 

)f f#J/J ♦1,11/ 

'll •♦/,>t4 +4)i> 
ii nm 
w ♦M» ♦/,«# 
#» ♦^W »fltl 
' it *tju$ i.ipi 
t$0 *ijti 
/!• 0\%ff ^i90 
M *tpi -(«> 
♦4>ij -4it) 


*h£n. 

*Nt<K 

WH 

•l*JH 

iiMi 

+*.1» 


♦4>IJ -4it) +0>7 
m »Mft »o if 
//» ♦M/l -O'F ♦•Jll 

/««tf.«| -|,«» 

I 44 §0i 


*OU H»/I-M»|»l 

t*Mi •0AH 

•U*i 

•i.>n 

*9ACt 

Hl*l Hl#/I 
-/,#♦) H.H9 -AMT*# 
-UU ♦#,#/} 

«».3>i 4fii/««.#it.» 


I form the following equations from (X)|j, (Y)|j and (Z) ^ 


for • ' ^ir 

-A *}**h/r*t *y*Ut *t $ 

jWv * 10 )' (n m *n *»o 

f ji^ft*x*i*0*t*-iH*** **»)*i*x*t\*t^f*i* -*n) 

Hjy* (xn*h*f*'*h(t*t m f/*«wf w*) 


((.ij (X*U^*t)wh*t*’iHO*u)HH*H*it*ti) I 
!'X+h*r*t>-*r*thOt*u ■nx*i\*)H)*tf 
0*0*t)-i0*!i)*(ii*ttHn’mHt*i* *t0 


*\t,^n ♦*,♦/» • # 

»fl« *'»jli9'9JUw9 

■fA<J# ^,1/# -#./># 

*9.Ht *9*h *</«•# 

*t.Ht -<7/l -0J9il-§.tU*9 

*f»./el *9,9/i ^.t/*-9.ftfm9 
-#.W# t^Wl “M»t MW«# 
*o.m *i,m *•*/!> WMIW-* 


and accordingly the final equations (15) and (15)^ for computing 


©juation 4 

! *^A9t - 9,*<> » * 

♦ •‘9A*Xm9 


Equation 

i** k. ^ ^ 

I ^9,»M ~9,/* y -4, -fry- 9 


The values of the unknowns thus obtained are recorded In Table (19) 
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I Primitive Equation OtJ, 

t 4t.0it «/,<•!•#,«#/»# 

J 4f,Vf 

♦ ]♦! 4f m *»,*u 4t.txt * 0 .m^m-rn* 
r **-t0i *9jn 
U <i^w( Mtit ’••.*'»$ *t*si-*0,m»0 

t# *tj/r s> »/ -^.yrr ■<.##/« # 


f 

If 

f 

ft 

n 


Primitive Bjuation 

V* 

■**M9 *».m **>w 
^,WI *?,IV ♦•.!/# H,M 
40 th ‘Htt* *i.M 4 »#U» » 

40 U *VH -t-Mf 9 

*Wl ♦/,♦#> 40 . 9 n 4 <#l| # 

^» >»J *»JO -tS U '*i.i*r4».«UM» 

>»j »,IM l »90 ■fi' .W H, 4 H* 0 jmai* 

*hn •0,tn -f.iM 

•*,K 9 H.tn 

*Wl **‘Ut • 9^91 

Hnt •i,f 9 i -HJ 99 • 9 . 99 % 

mth ><■<#* ■#.«! ■ » 

+*tj/j -#,!>/ -«iw ^,#4/ ♦ 

^i,«| -#,«♦ ■fj.iff 

9 9 .Ht- 0 . 99 h 


7f»i.-#.f/> -4>» ♦#J«‘ 4 

-/,«♦ HUn “♦,*/! 9 

H*9i 99, ta *9j'f9 ’^,909 '■9HU 9 
■IJ01 H^9f -9.Ut 9H 0 •#,#«>.«) 
‘9.m*9.*i9 W.Hf -9.9iir9.0»h9_ 


tf9~9.iv **Att -9.m -ftw? 
lU’^.^9H0n ~^9.99f -»/f) 

rU£L±B£!l:Ulil^X. 


Eq. Primitive Equation 

*M*J V 

/ f 19 
X 


t 

i 

> 

L 

L 


19 

// 

/i 

/J 

4 . 


44 

4# 

M. 


99 

i9 

19 

14 


*9 


O' 


CVr 


*9.^9t f%0, 00! f’*0.90i^-0:ty^ 9‘0Jt$m0 
90J19 *9,0U '90,0}9 -9.9li -9m»9. 

HJU 49jtt '*9Jit *0.0ir-4^U*9 
■Hitt 99Jtt H.Ht -0.0iF -99.999,9 


U/ty H.'toy -9.919 ^Htw0 

‘44>#r ^,<>V -9,9!V 90.9t9m 9 

*w4jr 90fiy,Hsn^0 
A^uxi -9^9 9vH\HJ9if’m9 


199 

m 

lu 

iU 

b± 


tf9 

U9 

Lit 


* 9 jl 09 9.900 -0 t/r * 9 . 0 ih * 9 . 9 n^ 0 


Kwi 

**.iry * 47 /* 

♦t^lj ‘i.'Hf 
Hfti -4/#7 
■*t,9ff -0X99 


H/ii 

*9.9U 

*9.99S 


^.9lt 

jAfM. 


9,lty ■h.9ty*0j9l9»9 
*9MT 49.nt ~9Hti^9 
■#MH -VM. • 

H.yif -h.m -9.irt»9 
-t0.99F -0.0i9 »9 


HJ91 

H.919 

JUU. 


•0,HX 9 

■*4.#3V •*H9»9 
M.H9^.0rrm9 


f ^l((t*-*‘t\t9*t)*y-‘i9*i*t9^UHi^0l9Hf*i9Hy) '^.Uh 

} KiV 9*ir09*’i)-Cf9f*l0)W*HX9t'i^H^ '99,yj,i 


Hence: 

9 k 

ia)rh*\*9i.rhi) 4-9 -/4 *0X4»W<tHt*U) *t,kMf^*9.9Mt^U.0ty99.9i\M$ ' 

(jf)f 0U0H)-i9*(tf*t9 9h)4‘Xi%yhjr40,n0 ■*'9jt\99jnxt9 

\-H4.U*i0t*t*t*tU*a.Ul9 4-/r 9-19A/H •9.99/ *9.Ul*0J/t»§ 


^9/0i 


99.916 99,9nH.H\,t 
♦ L>n ~-9.m^j9t0H 
-*9.Uf -0.9f9-9jyH0 


ORIGINAL PAGE 
OF POOR QUALITY 



Hence by summation: 

Equation Ui} Equation^ 


According to which I have derived the values of 
recorded in Table (19)* 


Primitive Equation 


M/p ^.W p 9JH -HjHt* • 

* 0 .*U 4«^H *»,tnw 9 

♦a. rt* 4*.W 4#.4*f “ J.gfU » 

4/,*4/ 4f,Kr # 

MW 

*Uit ~».'ni •9M» 

10] «.tit H.M - 4 .W1 -tojns^* 

■ -0P4f -0.>j/ M0/>«« 

MW -0./J1 

-4W/ +I-J4f tfOMi *f^ftw0 
MO/r H*»5 -t0jt$rmt 
~«. M ♦ojfy MW »>.»»>■» 
-#>J +0./J) 40,41// -0,M**0 I 
-o,o« -fo.oiv 40,0/4 -0,0/) •# l‘ 

•9.i0i ioMt -0,00/ -0,001? 0 


Pri^tive Equation dU. 

*4 

»,00/p +0,00//* f 0,00* +0,0/0 »0 


1 + 0 , 00 // + 0 , 00 //’ 

+0,014 40,o*i 40,400 <001.0 

+TV00 40/4* 0,000 >0,04/ • # 

40,440 40W -0.004 ■».0*»»0 


+4«J 4/,#/y -o,oof -0,44* • 0 
, +4,011 +/,♦</ -O.o/O -4,4#* • 0 
l+4,}0> 4/W -0>«/* -0,0/».0 

l +f.roi 40.04* -0,0#i -OOArO 

+4.400 0,000 , 40,004 -0,4/0 > 0 

i +^ffl -0,»4X 4+.040 .#,#0* . 0 

4+,J0> -<«* 40/0/ 0,400+ 4 

4*01} -*♦</ -0.000 4000 « 0 

4/,/fJ MO^ 0,400 « 0 

+0.4/0 +0,00/ +0,004+ 0 

+0./#| -0/4* -0,C// .+,40/: 0 

40.0*4 *4,0U ^OA/MOOZ+O 
40,00/ -4/00 -0',0<!t 40A1»0 


/ 

t 

\ 

* 

f 

4 

7 

t 

/ 


Primitive Equation 

I 

It 


,Eq„ 4 4 

FaOi >/ t*f **"»< -4| 

/O* 0,004/ V4/l»/^*+4,/*0. HOIO «o 
40 44,0// +4.0/1 -0,4tr *0/tr» • 0 
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Hence by summation: 
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■ r *,< »4 . X* In Table (19) are calculated. 
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Thus the sum: Equation (l8) 
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according to which g and h ' of the Immediately following table 
(19) are computed. The results of our computations are therefore the 
following 63 coefficients of the Gaussian theory of the Earth’s 


magnetism: 
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Now I turn to a check of the above coefficients g, h of the 

theory against the observations. First of all, with their help, I 

have computed the coefficients k, 1, m, K, L, M of cosnX and sinnX 

of the series which represents X, Y and Z, and have compared them 

with the observed k, 1, m, K, L, M of the above Tables (5), (6) 
and (7)- The result of this work is compiled in the following 
table. This table contains in Gaussian units of the third decimal 

I 

place the average deviation (i.e., the average of the differences 
between calculation and observation, taken without regard for their 
signs ±) of the values of the quantities k, 1, m, K, L, M calculated 
according to the theory from the values concluded from the observa- 
tions in our above Tables (5), (6) and (7): 
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^ are 
dents k, 1, 
and they are 
average is : 


the averages of all 17 (observed) values of the coeffl- /27 
m, K, L, M of cosnX and sinnX, disregarding the slgns^ 
given in Tables (5), (6) and (7)- Accordingly, the 
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Prom this follows the drop of the average difference between theory 
and observation. 


from 


r 




X, 

X 

tX 


hX 


iX 

-> 

-if 

•It 

H 

•i 



t 

-t 

•% 

•9 

-4 

-J 


t 




t 

t 

• 


sum of the 
dr(^s 

^ t _ 


Thus, through consideration of the difference between theory 
and observation is reduced in sum by 53, and through consideration 
of the difference is reduced by a further 20 points, whereas 

P^^^ no longer increases the agreement between computation and obser- 
vation. Prom this we must conclude that neither the quantities P^ 
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through (Erman-Petersen, Neumeyer-Petersen, Quintus Tellus), 

I V 

nor P through P (A. Schmidt) are sufficient for the representation 
of the terrestrial magnetic large scale phenomena. Now If we 
assume that the average value of cosnX and slnnX = 1/2, and If we 
Insert the value ±2h into the horizontal row P^^ of Table (20) under 
5X, == the of the same vertical column, while necessarily neglect- 
ing entirely the terms with cos5X and sin5\ with their mean amount 
±2H, then on the average the mean deviation P of an X, Y, or Z, cal- 
culated by the theory, from the corresponding quantity determined by 
the magnetic chart (the observed X, Y or Z) is as follows: 

|when using 

from 7', vp to s ^ausslan units 

3^ « 






^ > 1 #.#Jf T 


Ti- - 


Excluding the 15 coefficients and ’ or P^^^, and with 

the help of the remaining ^0 values g, h of Table (19), and the 
numerical coefficients of cosnX and sinnX in the above equations 
(X)q, (f)^, (z)^, (X)^, (Y)^, (Z)^, (X)^, (Y)^, (Z)^, (X)^, (Y)^, 
(Z)^, I have derived the following equations (21), (22) and ( 23 ) in 
which the terms with cos6X, sin6X, cos7X, sln7X are neglected, since 
they are small and uncertain. 


Equations (21), computed according to the theory 
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Equations (22), computed according to the theory 
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Equations (23), computed accci'ding to the theory 
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With the aid of the equations (21), (22) and 23), I have com- 
puted the following tables (24), (25) and (26) for the components X, 
Y and Z, and from them I have derived the values of the declination 
5, the horizontal intensity t, and the inclination i, according to 
the formulas X = t cos5, Y =t sln6, and Z =x*tg*l. 
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TABLE (2^) for the northern component X /30 

For u = 0° or the astronomical North Pole, X = O .3737 sln(X+31°59 * ) 

For u = 180° or the astronomical South Pole, X = 1. 2753cos (X+15°9 ' ) . 
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TABLE (24) for the northern component X 
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orjgiimal pags b 

OF POOR QUALITY 

TABLE ( 25 ) for the western component Y / 32 J 

For u = 0 or the astronomical North Pole Y = 0 . 3737cos (X+ 3 i® 59 » ) 

For u = 180 ® or the astronomical South Pole Y = 1 . 2753sin( A+15°9 * ) . 
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OF POOR QUALITY 


TABLE (25) for the western component Y 
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h.^tO~6.0ti-k.VA. 

-3XHi-lpi-\0tt 

hXtlh.ihh0ii 

<l*i-t.M3-t.W 

’Xon-vns‘Knt 

-¥My-¥,ni-i0tt 
-*.Ui -*0t6-it*tO 

M 

no 

fst 

no 

HL 

•tr 

-to 

-is 

-10 

•iAH-tm-tfis 
-ijns-H6p H>f > 
Wjf>f -tjW 

-t,S¥f-tt6l~*,1fiO 

-t,tn-t0ey -sj69i 
•i09lS0fy-fASi 

-t.m-tjnT-t.m 

-i.yn-t.t(H-tM 

-t.W -S.tP-¥0tl 

-tm -s.px -tm 
-t.w -t0OO-S0» 
-tm-tm-ttit 

no 

HO 

-io 

-ir 

'•90 

X, 

-A.irt-4^/) -tm 
/!•' m*t w* 

-tMi-iMinsti 
UKf no* l/Jrjf 

-t.M-t.rty-t.rsf 
ut* luV ho* 

-t.ftt-t0ty-f.H6r 

-i,ttt-t,*it-t.tiit 

-i)U~6jn-t,m 
l*X*S Wf* IHf 
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TABLE ( 26 ) for the vertical component Z 


Xm |><i* iw/f lit* 
f, 2 Z z 
*s.tt§ *srn 

/t it.79S *f.u% 
/f ffnt 

tw/ i#>V 

1 i « 

4tst« *uu 4tm 
4f,rn **/ii*/AX* 
4t.ifr 9tM *f,ux 
*/Mr 4tA9i 4ir/< 

jy/ Jt(/ ij# 
X » ? 

*r/4* 

+mt 4/,f/}4r^M 
4MI 4tm4rm 

J3»i* hf ■ j/v 

z z t 

4Sjn*urt*9jTt 

4/iifut.m ♦x.t» 
4tJti4tM *tJ9f 

U*rp4ijni 4fJH 4tji» 
H,t9f 

:CH,94t.M 4i.i9S H.9tf 
4tM 

•tCffoHXio uw **.m 

4S.ri9*Uiit *rj» 
4f.iir +J57J* 4/.rif 
4tm *iyy» +r/ti 
4t.Ui Hy>s 
4iw +j;w 

+J'.4/f 4F.iH4j;/H 
*lt»y f J';ifu/y// 

4S.tH49/Ht 

4jM4*.ikr 

4SM$4my*i.nt 

4r,tti 4iitj 
H >»*♦,#« HM 
tiJilHIHt 4X«I/ 
♦♦,7»7 ♦t*!? Hm 

Htn 

/f«f fJ»! +#;♦?< 

4Wf 4t.kli *f}ti 
4Hii < f,si/l 

4tM 

*ktt\ 
*%iU 4-ylti 

4tJt\4\y»i-H,iV 
4k.<tv,4%vl ♦♦.V4< 
4\y«i4X,it\44jitt 

HiH n.n> f 

*lta <kit9t 

4l.iei4X.Uf4-i.tV 

yajc*3*K 4i;ni 

4im 

4XXir4i»tii 

tt* flfwij 4im40ii 
» +0,>O«+^.C7? 

li.iyy 4i;Hi 4i,tn 

HM ti.r+j 
■*/.sA/ Hit* 41.W 
+<»} -AAiAm*!* 

•^a"44U0WJ.*33* 

+ij/3 

H.m Ht9F +/,A3l 
♦/.♦/y ♦/,Sy> H**t 

+>,>.n «,♦*/ H/ij 
4i.vty 4im 

*t,yjt 4J.417 Hjm 
Hiii 4t,ift 4t.tit 
4«.ytt 4tMk*tJii . 

»-s 

ltC~/6 

itr~ir 

lit-ie 

49.IH 4e,in 4t,it‘t 
w,s«v -a?j7 

*9,iyf 4$il% 40,}i\ 
«./4f 

<V» -foi<F 
-*,<7> ~tUS -fl.JlJ 
Htit -9,IU -«.<« 

4t.iV4tii\ -wilj 
*>A7i +®.)W •»,//> 

-W7* 

-®,<» -e.«/ 

4t.ixt 

-®,/n -tAfe “Alt 3 
^K*t»-utf^j,m , 
-«,y/y -</3y -4473 
-/./// •t.Uk -/,«* 

Ac-im 

(tMr 

/Jt-Vfl 

-t}Jk -4.«J 

-*,W7 

-»yiv •ifitr 

-i,<» 

‘iVTlf 

-I.HC “//4> 

•07/ •iSJTf -mi 
-/.»*/ -/>4* 
-1,47® •ff6y ->,XH 

-AJft -/.c/® -yyf? 

-A 13} -4V< 
-Hn •4,11^ 4,r>y 
~3.wr “iM -im 
•tSIt 

-/,}« -4444 -A»4< 
•USA HW< -»/»> 
-4>4j -tyn 
-4,17} -t*»7 -l,44l 
-i»V -V37 

liT^S 

«#o« 

'tf-V 

-♦/« 

-r>i6 

-«u 

-i7/> -JAif 
-<ii« -,»m 

-W®* -♦,411 

-c/i® -♦,»*; 
-rw -/.m -x.*4> 

•Hit -3,4t^ 

-3,7®/ -X</®-3,»i 
-♦,«> - VW -X«r 
•4.iss 

•FMt/ -hit -X.VV 

-3, 147-3,4/® -X4I1 
•k/ft-i/ty -♦/I'l 

-iy<7-fy*r-r,/w 

1 -Off -A.W1 

~i,ny ‘iftf 
-4.JU -i,Wl-4,V*i 

-T,m •‘f,yrf-t,w 
-Oil 

-4.#77-4,®4*-4„®«/ 
-4/J14-4k3n -4/3U 


If when j.nterpolat ing X, Y or Z, from the above Tables ( 2 ^), 
(25) and ( 26 ), we consider only the first difference, then in jjidl- 
vidual cases the error of X, Y, Z thus found can rise to at most 
iO.Ol; however, in most cases, it will hardly amount to ± 0.005 
Gaussian units. 


A 


VV 


PAG'JT IS 

OF POOR QUALITY 


TABLE ( 27 ) for the magnetic declination, 6 /l|2 

Poi’’ u = 0® or the astronomical North Pole S = 58°!'- X 
For u = 180 ° or the astronomical South Pole 5 = X + 18°9' . 


c 

/ 


X» 

•< f», 

§**u*:f / 

J/Ku V 
it *tMf nktt H 
Ff.Utr ♦<!*/> / 
it 4w|#ij / 

kf44r|«ii }}i*/r 

itnr^u 

iVn I 
h t*}t^tt it 

nWi /* i*» wi*jr 

n 

Vt 

itjwj /I 
Jt 


'f , r) 

t/ «r )■» 
nt |« « 

p'/l U *i ti 



•l! 

i ; . 

► ‘ • 



ij6 
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TABLE (27) for the magnetic declination, 6 


]^*'/*i* o/* i«.r Hi* mV 11/'] 

j \ f * t - - - J 


IM* 1 

' . • , * ^ ^ i \ * \ i . - ., 

-* wrt’o wi**w (♦/» 4 * /V»’ J/ V<tj* A 

«>i'f L Vi •>♦* -///' ♦/wi/V/ •Yji* -*V /|^ 0 ' 

♦ifC i-v* ii -W ■ ' 

n-jt /♦ -H ♦> t -II /« 


If/ 1 lyTf 



4 »t,w> /i-» a ;i-u ir-vj iijW 

♦tflwj /r-ii n-i 7 

4 if >« n -/x n-i# 

«wv ;|- 4 I , . .. , . 

4; »L/i 1 -tf u»ii f j -iMti-tf iij-n iV«n/<k» *1 


r\ -17 iv *14 /«-U *)N<» «Uj I; -V ♦r;-»r 4lUw /ri-i/ /t‘ 
t - 1 * n -ail t'‘U «'-*• w:-^ f* 

u*l/ If.yy />,J| IjLjl tl-tl m:*h >1-//^ II 


♦If'-/*' ji'vjt tf~n 


U-J» /.#-i ♦<-! t -5 u -> 
+/I -I ."y.-i ♦i-f i -7 h~(>sx^i 
-i-r-i ♦]•# u-/ ♦/-< xf-i /1-4 

»j-l /ij-/ ir -4 fi -4 /!-< 

-r'^r viT^i'w -V *>'-1 >“-4 IjT^ 
./( -> /O-f f#;-f /V ♦> 3 t-/ f-i 
Strf ii,-t f|-< /!-> v»-> 
;-/l' ♦;•/# i 7 r>' f*'*> i» *i W 


*ia -*> ij-zi ♦! -</ 

- 3 r~/v i >*'3 ii~/i 


:/-// 7t#*? 1J-> 17|*J 

/y-/j /#-#/ IV-// 



4/ 

*/« *♦ 

IWI 

J 

VI 

f*Hv iiNf 

fl 

#Wf ttf 

l*if 

n 

-If/I 

■/V llW» f|l-/| 

4 


■/i 

♦»■/! 

7 

•0 

" 


«4|-// }*.» 

if 

txL 

:2 

4/lw/ 

-i 

1^ 

Xlb// 

>:-/♦ >3i-f 

Jl 

H\ 

-/ 

74 

-f 

W 

-f 

f?P» 

fi-> II -# 

47 

« 

-7 

44 

-t 

// 

-1 

♦I 


ff-t fij-i 

n 


•4 

♦< 

•y 

»• 

-7 

f< 

4 

•i-f jfi*i 

1 

»! 

-i 

/>• 

-4 

f» 

•7 

XI, 

1 

f •# ifj-f 

/> 

Aj 

-fc 

1 

-> 



/4l 

7 

7V.“# »f!-f 

I7 


S 

/J 

'•4 

♦1 

-7 

'>1 

1 

1-# *l|-f 

If 

♦J! 

“ft 

V/ 

.7 

I 

-7 

III 

( 

»>!-> Ifi-/f 

4 

ff|‘ 


n 

-7 


-1 

/>; 

> 

if Hi /rf** 

14 


•1 

/ 

-4 

xf| 

-> 

«! 


14'-// xji-vi 

47 

/I- 

7 


r>_ 

.*-K 

-/• 


I# -/J fVI-/V 

11 


u-/f n 

s!^ ♦*' 


„ - , J pW 

V'vr/|-/V /T-/i /|./k )7 /; *f|vi U!./J w 


•» *)^>fr-/v 1/.-/6 3 


■/j| rf 

>/v *t 


-/♦ JV-/4 /V 

‘•rf< /> 

-/I ij 


L/> f/ 

I-/J M 

i-J/ ♦/ 


■^rj-o »?''/4 i 4 */r i».-/t h-/) > 1-/1 W'wv >-/< />,'/4 ♦/ 

f'/v <i-/f V/ vj.-zt »n*/ti'- /7 >/.-»/ /v'-i* vt|«aj ♦} 
-rf J -/6 n ->0 i,-if /i-/i i* vi' vif'/y -ir^il^v »r-ir 

\t -13 ir-i> »V-x» * 1 -XI 14-11 />!-;v ♦/'» /Vi-xi /vj-if /V 

•'tr.'ll ♦fkl n-Ji f>-if /(/'X> ii->* 44j-i* XV-IX U-JI *!-iJ f>-« t 



\tl\rhf I*>!f <// </;> I XM*li 3 U I <M* Iff’ 
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TABLE (28) for the magnetic inclination, 1 /lf8 


>»; /M /Of nr \iitj H9 ii/^> 11 / tit/| t««*| ,i4i> 

* i * i / \ t « J # * 1 * . i \ i 1 i \ * 

♦ iT*4tr • *]*«• >' #••<* f M* i ♦/4* j'l*^** ♦>#<* »' 

ur *u *• *ii it *H 4»^i< n *4i nj*<« *7 *u n ft* ft\HC /«|«a */ h< *t« jt 

*4« W/ U*ftf )4 fir 4<|fK t flic t« ffM 4/ M) ti«l> }l ffT »if t> I 

itfftt »rt<ii /kti II *i* 1 4ti H nr nj*t« u i fo »|w .»♦ tn n 

!{♦» uni «ftt 4 f.ti /tW* i/w/ j^lftr'yi*<i'i<!f>r'ft 

*ir^>r >t f>r «4{fM Uri «(#» tU» u*i/ 4>)«#i h m* cr,*i* ii|4i> rj 

Jtfw 4wJ Jilfn ♦i|4>r okn am tt fii j#Uij /im) t)*ir u 

tfr*i7 /tf>* /iVv 14 4>t «r fM i$vn Mf>; u f>) ttfhti a 

]t:«<4 sfur jfU* tf»>» 4^»7i /tUi i tf» /> 4>i *: 

•«/;♦/> ));♦<• 4j*i7/ip4r>>irii4«r *u ti ftiiiKrTiifV ii f>j « i7 

•«M.frr 2)|«rt rjft> /«'*«« jtWi 4# trU) ) fit ij t 

fjr;»;t KWx )t it* /*rr i #r> «♦» tU« jjU/ /t ftj j/(«r ♦ 

ri$ *M <!♦♦> 1/ *4j ir*r« jc.isf » ta if f/i ii*/4 4j!f.« if^tf ij 

<>|f4> H|*41 St^i fi>»f lt!*4i * fit l/,H> »»r .'ti* ** tf j fJi >/ f J3 t 

♦>• fii 4i!fU ;»fj» iijfJi j/ fji ii+jj /i fj> 4 ff/^ 3 itj iif44 > f4f ;♦ 

f/r fix x>fit /xft) rt fi* X/ *u n,*it t; 4 fit it fi4 t« fit 4 f !7 r? 

4/1 fn /•♦/> n'fi/ /lifU 4 fit IlfU JX fit «ij 14 nx /t'fiT iwx i 

fXf> /»[♦> )X*i/ iiftt Vfit *!•♦« tt**i ttf/J Wff* itf/f JlfiJ If 

JL i ♦> ft ft »/ I? f‘i it . ft H *t S t »i n »i it /ijft trti n 

~r.fi ti’ii n-i j^l-r »-> ii’-> 14 -> »*-t xt-t Jv~r x-J u-/ > 

-i# -1) M 0 / w-o tlp/l i)-/9 X4V4 U-O 4/ -iC t W4 Xt-/J }t -// /< 

-Ji /< -j* -It X# -j> x» -»7 J -at Jc -It 3j-ir it -14 f) -xj rt -M it -« fi 

•l*-4# /t -it J)-J7 // -Jt. 4-JX ij-Jt J1 -J* 4-lJ 11.-31 X>-1/ rti-3.) H^lt IX 

1£ *t) fl -ir ft r**_^ ±1. > li -u if -w. /i -fojt -)i_xi -it rt - i> i*Mr a 

-j» -11 /4 -f/'t* -if 14 '4>7s -4|‘|){^7'V7 -4r7j -it 3f|-4f X< -*♦ X 4 I-W 
’ll ’U 14 -fft S) -it i$ -X4 17 -XI ii’ti i -n 31 •« X"^/ /* ^ X-i* 17 -44 H 

-41 -tl 17 -tl 11 -l» 7» -X> y»-Xt 10-17 f^i> it •/* »l -XX Xj -X4 *1 -XI t -X* X4 

->j -tt Si ’it 4/ -tv n-« XI -tl XI -tt /4-<i w-t/ t-ti > -X# XS-/7 /lUr t 
:i! .!i -*1 n -‘Lif *^4 - tt /7 i W-t* xt -ij ft -<> ii -t^> -rt a 

-xi->4'i7-7l 11-71 // ->/ lj-7t4i-71 i -( u ^t 17^7 IX -tt /lp» l<Ftl « 

-I# -77 4| -)t 41 ->x *7 -7X / -74 11 -71 I* *71 X* -71 I -7X X J -t? J#U> VlUX XL 

-tl •if/ S ntt i -7) /« -71 17 -77 44 -7i /< -7i I -7X 4 -7) ft -7* ll -7# X|.-t7 X 

-71 -IV //-IJ /7-lt U-l/ 14 -1* 4/ -77 4i! -7t M-77 M -W 17 -7f X -71 Jxj-71 i 
-Ii - It S t iX_i> •1),. 4I -I\J1 -/7 it -)l 17 - >7 tf -7t y -74 44. 

-O -II* 47 -W IX -IV >’) -II XI -0 ' /I jf -II W -77 *3 ^73 .» Xll-7t H 

-It -«*♦#-« D-H IV -W Xt-ll JX-il I/-I# 41-11 I 7 I -77 41 ->7 11-71 4>!->I « 

-71 -71 41 ->« 41 -7# 4l -7g 4l -)l 41 -71 41 -7| 4lj->| 4lj-7l 4l|-7t Vl -»t? 4i;-7t 41 

>» /i4* m‘r /ir* ii4*f </#' iiVr Uf’j iiijt ni* j mi »xx'|it7> 
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TABLE ( 29 )) for the horizontal intensity, 


/51 



ft* 

huV 

itt* 

UKt 

«#• 

mV 


'^7 

ift 

/(jV 

#47* 

nCt 

f 

r 

r 

r 

T 


T 

T 

r 

r 

r 

r 






4m 

437P 

4174 


4>7* 

4179 

4m 

«S9* 

*ir 

«P9) 


Wf 

4PM 

4m 

4*04 

4390 

4377 

4K4 

4179 

4Uf 

4199 


tJH 

9,M 

•Jff 

4m 

44l> 

44»9 

4M9 

4*79 

4P7t 

4479 

«40| 

4W 


t.vi 

t.i’tf 

«<p} 


4m 

4<)t 

0/77 

9/t* 

4>/l 

W 

9.»n 

4?rr 

+« 

4ft» 

t.w 

tMl 

4iir 

4IPV 

4in 

4M9 

4977 

4011 

4079 

4014 

499* 


il/*f 

i,t»r 

itt! 

4#H 

on 

OH 

4U9 

/,m 

4179 

4193 

441* 

4*1* 



t,w 

on 

4PP9 

osr 

t,m 

4«> 

4MI 

Ofi 

/.>|0 

47«< 

4791 

t-Sf 

/,»3 

i73f 

on 

Off 

t.w 


f,W 

4973 

Xta 

4939 

MU 

49/9 



i,tfi 

^pij 

l,U» 

IJH 

V»J 

X,M* 

V>r 

mh 

lift 

4.1>2 

W” 

**r 

l>n 

K**t 

t.M 

tPrt 

JL4» 

un 

f,«t 

xjttt 

4771 

4707 

1,947 



9.IP0 

-t»P 

on 


L>it 

t,»l4 

t,7l/ 

4743 

4>J« 

4411 

4<17 

va 

♦ir 

3, /if 

i.tfy 

j,p» 

\m 

4PP4 

Uif 

L3W 

9,7M 

4» 

4m 

M79 

44H 

*3* 

im 

l}tt 

41U 

3)W 

JIM* 

i%n 

A/P7 

}09f 

A09r 

4>t7 

^4174 

xm 

♦»r 


i/ti 

UK 

}fif7 

J,44l 

3,>K 

\Vf 


3/7/ 


1,00/ 

MV 

4W 


I7tt 

jnr 

UH 

xtfi 

im 

L4PJ 

XW 

3,170 

9/09 

Mil 

/.9I9 


3>« 

i,7»» 

on 

on 

i'PflV 

3/37 

3,771 

3,V7r 

1/91 

43<9 


l.Uf 

4-## 

M// 

W/ 

m 

ivt 

on 


\itt 

3,719 

3/P8 

3,Hf> 

3,179 

4349 

*f 

3,;it 

lift 

Wf 

hi*t 

4IU 

iMi 

3,7J3 

3,4>9 

3//1 

1.740 

3,710 

4*»f 

e 


\7il 

l,7i7 


Ltti 

3.m 

?,??r 

3.7.V 

Mh 

1,40} 

2.4/0 

7.fff 

-f 

iflJ 

J//f 

lOj 

VO 

3,7IJ 

3,>l« 

i>74 

3,747 

1,7/0 

4410 

4471 

1,41/ 

-« 


1>S9 

U*7 

Otr 

im 

3,709 

A)/F 

3,703 

1,99/ 

3,47J 

|490 

3,4/i 



i.M 

m 

»Vf 

ino 

3,M| 

j/ir 

3,79* 

j.m 

4747 

3,m 

%7*7 

-IP 

LIH 

IM 

mt 

yvf 

im 

iJ4X 

3.39/ 

3,3fl 

1.994 

1>#9 

A*04 

4W 

-u 

l£ef 


MJ3 


},tor 

},«(3 

V07 

3./40 

3/44 

}/ff 

}.H0’> 

fV* 

-30 



mt 

LCPI 


-L7J3 

4,7t'f 

mi 

4177 

Ml/ 

3,977 

1997 

-3f 


xjst 

ivt 


L3i* 

w>/ 

9,49V 

i.4|f 

tm 

»/« 

Ml* 

t>ll 

-40 


4111 

on 

4MP 

4**f 

4>« 

9.PVJ 

l,/9/ 

9,107 

1,100 

119/ 

l.9» 

-4f 

/>4I 

i,iff 

OiX 

j.nr 

on 

4<37 

4«I3 

/,>o; 

/.94t 

M>7 

3/9* 

4/91 

-J* 

44ri 

tMf 

l,W 

0*9 

on 

4 m 

//?* 

///# 

/,71l 

//71 

/,7|4 

/.*o* 

-ff 

/,3tlt 

>,1»3 

iw 

uv 

i.m 

<00/ 

/.0/<l 

/,0#> 

4/74 

41U 

/,*71 

//oi 

'«f 

/.vt 

i,m 

4Pf> 

9,M 

4139 

0,7<0 

473< 

4790 

4977 

/,0I4 

4/or 

4177 

-<r 

I.XU 

W7 

4m 

4134 

4m 

0/74 

44>f 

4*l> 

0,777 

0,449 

#,7#7 

9^* 

->p 

t,n) 

t.m 

4Wf 

47>r 

4<» 

4479 

4138 

4431 

4131 

O/lt 

0,OPl 

0.744 


/,//>- 

m 

4,#»> 

4n3 

t.M 

t.m 

t.}H 

4I*> 

0,/l4 

0,091 

0/f; 

9/00 

-IP 

utt 

7w 

4»f 

4t4t 

47<t 

tM 

t.m 

o,m 

4P7P 

0,000 

0/11 

0,940 

-If 

/./« 


t.nr 

i,nt 

on 

t,9H 

49P> 

4179 
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When Interpolating any of the values 6 or 1 of the above 
tables ( 27 ) and ( 28 ) and using only the first differences while 
neglecting the higher differences, then the error seldom exceeds 0 . 1 ° j 
only in the neighborhood of the magnetic pole does it become greater, 
especially in the case of the error in 6. The interpolation of the 
horizontal Intensity, x, from table (20) will yield a result exact 
to within ± 0,001 in most cases, if only the first difference is con- 
sidered. 

The position of the magnetic pole of the Earth is found most 
precisely from tables {2k) and (25) for X and Y, which were computed 
from the theory, since both the latter must together equal zero at 
the poles, because there the horizontal intensity T’* FxVy*’' vanishes, 
and the lines on which X and Y = 0 intersect near the terrestrial 

pole at angles which differ very little from 30 ° (cf., e.g., the 
Atlas of the Earth's magnetism). By this method, I found for the 
coordinates: 

Latitude Longitude 

of the magnetic North Pole +69®57' 262°^5' 

of the magnetic South Pole -73°^5' 153°0*, with an uncertainty of 

±15’, 

Latitude Longitude 

for the magnetic North Pole +70°30' 262°20' 
for the magnetic South Pole -73°39' 1^6°15' 

The longitude and latitude of the magnetic North Poles and also the 
latitude of the South Pole are almost the same according to both 
determinations (valid for the year 1885 ); on the other hand, the 
longitude of the magnetic South Pole according to my computation by 
means of the theory is about 7° greater than according to Neumayer's 

I . 

chart: which may well be due mainly to an error in the chart. The fact that;.^;'- 

I’, . 

in the latter the position of the South Pole is incorrectly entered 

is proved by the large differences = 6 - 6 of the immediate follow- ‘ 

re ; . 

ing table (30) which appear in the vicinity of the magnetic South Pole. • 
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6 ^ of table ( 30 ) is the declination given in table ( 27 ) and 

computed with the help of ^6 coefficients ^ cf. the above equations 

(21), (22), (23) and 6 is the declination of the Neumayer chart 

0 

according to the above table ( 1 ). Likewise the quantities Ai = 1 - 
i^ and At = are respectively the differences between the 

inclination 1 ^ of table ( 28 ) computed according to the theory cf. 
equations ( 21 ), ( 22 ), ( 23 ), or between the horizontal intensity x^ 
of table ( 29)3 and that of Neumayer 's chart — 1^ or x^ . 

Since the local anomalies do not appear on Neumayer 's charts, 

the remainders 5^ - <5^^, ip ~ t^p ” consist essentially of 

two parts: 1 ) of the terrestrial anomaly which is due to disturbing 

magnetic masses, occurring on or very near the surface of the Earth 

and not lying much too close to the place of observation, and 2 ) of 

systematic and chance errors of the charts used by me based on obser 
1 ) 

vations ^ . 

According to Dr . .Neumayer * s calculations (cf. page 20 of the 
text to his Atlas), in the temperate latitudes and tropics, there 
appear for ^p~*S^ values from + 6 ° to ~ 6 ° . On the contrary, according 
to my calculations, table ( 30 ), within the latitudes + 50 ° and - 50 °, 
the quantity varies only between the limits +2.8° (X=120°, 

(j)=- 50 °) and - 2 . 1 ° (X=240°,(j> =0°); for the preponderant majority, 
however — for about 200 or the 26^1 points contained in table ( 30 ) — 
between the latitudes + 50 ° and - 50 ° and the longitudes 0 ° to 360 ° 
the quantity is smaller than a degree, and in the average of 

these 264 points without regard to sign, 'Sp“*S^ = ± 0 . 69 ° = ±41.4’* 
Prom latitude +60° to +90°, this quantity grows toward the north. 


1) The elements fi, 1, x actually observed by us are, when we proceed 
from the Gaussian theory^the sums of three parts: 1) the term, G 

which the theory yields, 2) the terrestrial anomaly A and 3) the 
local anomaly, a, which I called the "local deviation" in my 
earlier papers, and which usually for 5 and i is ±15' and for x = 
±x/100, but in many cases can attain any arbitrary quantity. To 
compute 6, 1, x, we form the sum G-A + a, where A represents the 
values of the tables ( 30 ), ( 31 ), (32). 


rifi 



*3tt •♦■*,5 *o.t 

















































• 1*1 






































however, principally towards the northern magnetic pole (X = 263 °, 

(j, s + 70 °), where, according to Table (30), the greatest deviation 
in the northern hemisphere, below longitude 270 ° and latitude + 70 ® 
amounts to +1^1.1°, while Prof. Neuma.yer gives -25° as the greatest 
value of 6 ^ - 6 ^ for the location X = 270°, <{) = +1.5°, for which I 
obtain + 5 ° by interpolation from my table ( 30 ). 

Nevertheless, no very great significance is to be attributed to 
large deviations of - 5^ in the neighborhood of the magnetic pole 
since there the declination changes very rapidly — almost dlsconti- 
nuously — and even a small local disturbing cause may evoke a consider- 
able deflection of the compass needle due to the weakness of the 
horizontal force. 

In the vicinity of the magnetic pole - 6^ is much greater than 
near the magnetic Worth Pole, according to (30), which may well be 
attributable mainly to the calculation of the erroneous position of 
the South Pole in the chart. As regards the discrepancies in inclin- 
ation between theory and observation, the quantities i^ - i^ are some- 
what smaller near the pole, according to table ( 31)3 than in the 
middle and lower latitudes; values for 1^ - i|^, from 5° and -^°, 
which Prof. Neumayer has found (page 20 of the text of the Atlas) do 
not appear in our table (31) J most such differences in ( 31 ) are 
smaller than 1°. Only once do we encounter +3.8° at longitude l80° 
and latitude +20°, and if we disregard the two poles, then the mean 

of the il 08 value of 1 - !>. = ± 0 . 686 ° = ±^ 11 . 2 '. 

r b 

For the deviations - x^ of the horizontal intensity x^ cal- 
culated by means of the theory from the x^ taken from the chart, 
according to table ( 32 ), the same values recur at all longitudes and 
latitudes ; only in the southern latitudes - 70 ° and - 80 ° are they /58 

especially large, which is clearly caused by systematic errors of 
all the 408 locations of table (32) - x^ = ±0.056 Gaussian units 

or circa 1 /^ 0 , l.e., 2 - 1 / 2 ^ of the horizontal intensity x, if we 
assume that x equals on the average 2 Gaussian units. 
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OF POOR Qb/*L|T-y’ 

The deviations - 1^, ’'■r ” tables (30), 

(31), (32) have for the most part a systematic, rather than chance, 
character since they do not often suddenly change their sign, but a 
series of positive signs follows a series of negative signs and, 
conversely, which must be ascribed in part to the wide distribution 
of significant, extensive (terrestrial) anomalies and in part also 
to the systematic errors of the charts which I have used as a basis 
for the theory. 


If we wanted an even closer connection between theory and obser- 
vation by assuming the presence of vertical electrical currents 
generated by rotation of the magnetic terrestrial sphere, and going 
from the air into the Earth and, conversely, in meridional closed 
paths, then we may set the quantity 1^ of our above table (6) ^ 0, 
provided that we regard -the currents solely as a function of the 
latitude, (j), but not of the longitude, X. derived from obser- 

vation, and should be 0 according to the Gaussian potential theory 
of magnetic masses. Then, according to table (6), the deflecting 
force of the currents would be directed into the meridians from the 
astronomical North Pole toward the east to latitude + 20 °, from there 
to latitude -55° toward the west, and from there to the South Pole, 
again toward the east. In order bo remove the accidental errors from 
1^ = Ay as far as possible, I have derived the table (6)^ from (6) 
by means of a curve and thereby the changes A 6^ from 6^, Ax^, from x^, 
and Ai^ from 1^, resulting from Ay = 1^, calculated according to the 
formulas (33): 




,a7^m.**hS j 41 ^ 




TABLE (6) 

a 

-t/HiH.nu -4.4n €<0 

Hertz: "On Induction in Rotating Spheres", Inaugural disserta- 

tion, Berlin University, l880, and 

Dr. A. Bauer: "Vertical Earth- Air Electric Currents" in the 

Journal "Terrestrial Magnetism". University of Cincinnati, Ohio, 
March 1887, No. 1, Vol. II. 
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TABLE (3) differences 6p - 6^ + A6p between theory and chart with consideration of 
possible vertical electrical currents 
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TABLE (3^) for 


OPlQiNAL PAGS 
OF POOR QUAUsi. 
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TABLE (35) for 
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For al I latitude’s between -60 and -20°, Ai - & 0. 


TABLE (26) for * i*‘*J*y in Gaussian units of the second /=62 

decimal place 



Since only the western component Y changes on the average of 

all values of Table (6)^ by Ay = 0.017, but the forces X and Z 

remain the same, then if 1: signifies the entire intensity, tAt = 

2 2 2 2 2 2 

tAt = yAy, due to X + Y = t , and Z + t = t , and since on the 
average for the entire terrestrial surface Y = 0.5, t = 5 . 0 , and 
T = 2 , it follows on the average that AY/Y = 1 / 30 , while At = ( 1 / 10 ) 

• Y, ^ = 1/3000, and furthermore At = l/^lAY and ^ = I/500. The 
influence of possible electrical currents on Y and on the declination 
is still perceptible. On the entire intensity t it is, however, 
almost zero; likewise, it is very small with respect to 7 and 1, as 
can be seen from the immediately following tables ( 34 ), (35) and 
(36), which are computed with the help of formulas ( 33 ) and Table 
(6)^. Finally, it should also be noted that 

table (30)^ is obtained by summation of tables ( 30 ) and ( 34 ) 

table ( 31 )^ " " " " " " (31) and (35) 

table (32)^ " " " " ’• " ( 32 ) and (36) 

By putting in the corrections A6^, Ai^ and At^ due to 1 ^ into 

the differences 6 - 6, , i i. and t - t. of Tables ( 30 ), ( 31 ) 

r b’r b r b 

and (32), 6^ - 6^ fall from ± 4 l. 4 ’ to ±38.6* accordingly on the 
average for the locations between the latitudes +50° and -50°, and 
1^ - i^ falls from ± 41 . 2 ' to 4 0 . 6 ' on the average for the entire 
terrestrial surface, and likewise t^ - t^ falls from ± 0.054 to ±0.053 
on the average for all values of table ( 32 ). Hence, through the 
assumption of vertical electrical currents the agreement between 
theory and observation is increased very little. 

The small amor.nts of the corrections A6^, Ai^ and At^, computed 
according to formulas (33) with the help of table (6)^, are compiled 
in Tables ( 34 ), ( 35 ) and (36). 
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II. HOV/ THE THREE TERRESTRIAL MAGNETIC ELEMENTS ARE RELATED 
TO EACH OTHER 


At any point of space the effect of the Earth's magnetism is 
determined by three mutually Independent quantities vihich specify 
the direction of the needle (6, i) and the force acting upon it 
(t or * 7 ;) • 


However, if we consider the magnetic elements at locations, 

all of which lie on the surface of a sphere (the Earth), then not all 
three, but only two, can be independent of each other, and conse- 
quently, there must exist a relationship between them since all are 
phenomena on a spherical surface, varying with the location, which 
depend on two mutually Independent variables, as which longitude and 
latitude usually serve. The same holds also if the Earth is regarded 
as a rotational ellipsoid. 

Hence, if fi and (IT, a^s known for a large part of the Earth's sur- 
face, we can compute the inclination, 1, and if i and -T are given 
for the greater part of the Earth's surface, we can find the declina- 
tion, 6, for the entire surface of the Earth. This is evident, e.g., 
in our above numerical equations (X)^, CX)^, (Y)^, (Z)^, 

(X) 2 J ^^^2* (Z) 2 J***Yrom which we have computed the coefficients g, 
h of the theory, while X and Y are found with the help of the two 

quantities 6 and Tf , and Z is obtained from 1 and 'jj . Prom X 

alone, as well as from Y alone, we could have derived all 63 values, 

g,h. Also by means of f, we can find all coefficients g, h except 

for the 7 unknowns • For a complete knowledge 

of all the effects of terrestrial magnetism on and outside of ‘the 
Earth's surface, it is not the case, as Gauss asserts in paragraph 20 
of his work, that knowledge of X or 1^ for the entire terrestrial 
surface is necessary, but rather so many values of X or Z, that the 
coefficients of the theory according to the equations CX)^, (Y)^, 
(Z)^, (X)^, (Y)^, (Z)^, (X) 2 , (Y) 2 , (Z)^! . . .etc. , can be completely 
calculated. 
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In his "General Theory of the Earth's Magnetism", paragraph 
15, page 139, Gauss has given the relationship between X and Y the 
form 


/63 


Now, we can set up yet another relationship between the deriva- 
tlves or also between, 

in which, as before, signifies the entire intensity. According 

to Gauss (cf. his works, page 142), 

hence from equation (1), and from equation (2) 

On substituting equation {2) into equation (1), we obtain 

equation (3) WjL ^ 

,VX 4^hT ifm ' 

But tknJ and therefore and 

</X so that we have from equation (3), if by 

’i3X' rfjf ■ X 

7" for dX = 1’ and du = 1' 


^ 

we understand the variation of 
(4) 


equation 


and 


hence also since Tnytftt , and therefore 

. Thus we have Equation (5) 

for dX = 1' and du = 1', res- 


where signifies the change in 
pectlvely . 


Strictly speaking, eauations (4) and (5), as well as the equa- 
ti on ^ - f fS^^H hold only for terrestrial magnetic elements, 
which^^~" are calculated according to the Gaussian theory, 

since they rest on the assumption that all locations lie on one 
spherical surface; for anomalous regions of the Earth's surface — 
which must be considered as including the entire surface of the 
Earth — these equations do not rigorously hold which has also proved 
to be the case, e.g., from my observations within the Moscow magnetic 
anamoly. 
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Other than the above mentioned relationships between the mag- 
netic elements, which rest on a theoretical basis, none exist; 
however, simple empirical formulas between them can be set up as I 
have earlier done in part. 

In 1895 , I published a treatise entitled "On the Relationship 
Between the Terrestrial Magnetic Horizontal Intensity and the 
Inclination, with a supplement of 25 tables, ^2 pages,- Saint Peters- 
burg",^' in which I specified simple equations, according to which we 
can calculate the terrestrial magnetic horizontal intensity from 
the known (observed) inclination 1^ and conversely, the inclination 
i^ from the given horizontal Intensity % . These formulas are so 

constituted that the longitude, <|), (east of Greenwich), and the lat- 
itude, X, of the location to which the intensity, ^ and the inclin- 
ation, i, belong, exert only a slight influence on the quantities to 
be found, jr or i^. These formulas read: 

Formula (6): , usable for the terrestrial surface 

from latitude + 90 ° to +^ 5 °. 

Formula (7): , usable from latitude -90° to 

latitude 

Formula ( 11 ) : * , 

Formula ( 19 ) uj 

u signifies the angular distance of the location to which 
and 1 belong from the astronomical North Pole, so that = 90° - 
<pj since (}) denotes that the geographical latitude and u^ is the 

pp - — 

In the sequel I shall, for the sake of brevity, designate this 
treatise as "Treatise I 895 ". 
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angular distance of the observational location from the astronomical 
South Pole so that u^ = 90° - If the southern latitude, (p. Is 
not taken as a negative, but as a positive number in the calcula- 
tion; u and Ug are to be expressed in degrees and their decimal 
fractions . 

In formulas (l6) and (19)» the fractions 7/6, 1/20, 2/9, 7/5, 
etc., which stand to the right of u and u^, are exponents of u, 

5 + u^ and u^. 

Moreover, in Treatise 1895, I have established the following 
formulas for the terrestrial surface, lying on both sides of the 
Equator between latitudes + 50 ° and -30°. 

Formula (20): i ctr T"*. , if i is numerically 

greater than 35°. 

Formula (37): ; if i is numerically smaller 

than 35°, the term is appreciable, while for i greater than 

35°, it vanishes. 

Formula (22), valid for latitudes, <j), between 0° and -50°: 

Formula (23), valid for latitudes, between 0° and -60°; /65 

— r - ' 


In formulas (22) and (23) tp is to be expressed in degrees and 
decimal fractions of degrees and is to be taken as positive, so that 
e.g., in (23) for the southern latitude -^0°, the expression 2J°-<p 
is not equal to 67 °, but equals -13° • To facilitate the computation 
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of 1 from 7* and conversely, the coefficients a, and c of the 
above formulas hold for the middle of the 19th Century since they 
are derived with the help of the observations of terrestrial magnet- 
ism (valid for I 83 O) assembled by Gauss in his Atlas, and the obser- 
vations assembled by Sabine (valid for l8i|2) and the magnetic charts 
published by Neumayer (valid for 1885 ). Both a and a^ have declined 
on the average by only 0.27 from I 836 to l 855 » and c has increased 
by nearly the same amount. Also from the comparison of our formulas 
with individual observations at different times between l8l2 and 
1893 (cf. the supplement of the Treatise l885j tables (45)-(51)) it 
is easy to see that a, a^ and b change very little. Formulas (6) 
and ( 7 ) have been found on the basis of the great similarity of the 
isoclines with the lines of equal horizontal intensity, T , near 
the magnetic poles, and formula (37) rests on the basis of the 
parallelism of the isoclines and the lines of equal horizontal inten- 
sity, Z = tg 1. In (6), (7) and (37) X and have little influ- 
ence on the value of the magnetic elements sought, as already noted 
(cf. tables for a, a^ and c in the supplement of Treatise 1895)* 

There are still other equations between the three elements the declinin- 

ation 6, the Inclination, 1, and the horizontal intensity . !T , in 
which as variables besides 6, i, , the geographic longitude X (east 
of Greenwich), the latitude, (|), on the contrary do not appear at all. 
In order to obtain them, I have first of all used only the charts of 
Prof. Neumayer which are valid for I 885 . With the help of those 
lines of equal inclination and equal horizontal intensity which 
extend through all longitudes, X, from 0° to 360°, I determined the 
corresponding values of 1, 7^^, 6, by obtaining first the latitude, 

(J), at which the isoclines or lines of equal respectively, inter- 
sect the meridians 1=0°, 20°, 40°, etc., and then I took X, ^ for 
the location from the other charts according to 6, i, Thus I 

obtained the following table: 
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Since the vertical number row ^ etc., must be /69 

functions of the Inclination, 1, we obtain: 

Formula (^3) for the northern magnetic hemisphere, in which 1 
Is positive 

The factors enclosed in parentheses and underscored Involving powers 

of 1 are logarithms, in whose place the corresponding numbers should 

stand. This comment also holds for the Immediately following formula 

(^5) . 


With the values of the above table (39), 1 obtained the 

Formula 


« 

t 

-it* 

-iO 

><• 

->/ 

-V 


^ it** JC^ 

/ r -4,f^ i » V ♦ K^tinOftJ * 3X3 

/ 5 >4»f ( ffp*k)* tjHtfH >4 O) Mti ♦XXX 

/• -/,|4«/.W*.^*04X3*»>VW43Vftf*>V' X4l*^»X3 

it ~tr*i9,jti^O*.iAU t 4 43X3 

im WJ43M*V*W*^ '*^'Xi.V-<>4t>j4 
A Wj4+4.1i.V»U4A>i>*M7A*4A;* 3 


« 

-*t* 

•o* 

•4r 

«4# 

->• 

•>/ 

->V 


Prom this we obtain for the southern magnetic hemisphere the follow- 
ing formula,' in this hemisphere the inclination 1 is negative. 

Formulas (^5) in which 1 is to be taken as a positive number. 

/« - j./' *4 !.»_<) < *4 ^*‘‘«/f**3 -^gj£3^ . 

^[t*\ ^y»*i - 6333l) >< 4 -iAJ 

To simplify computations with the formulas (43) and (45), I have 
constructed the two tables (46) and (47) which present 
with the argument i. In Table (46) the following symbols have the 
indicated meaning in accordance with formula (43): 
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TABTE (4«) 

Conparisdn'of l^he g^efal forikila (43) with individual observations 


long, lat., 


M X 

!■> 

M# 

t!/p()k*/r. Ml 
li.it 


l\t 

V,'l 

trZtwkc^ m 
HidmtfM 144 

(i^JiUrtUrf 5W 

11^/. ^.1 4U 

HAijX 


»> 

tu 


m 

♦/♦I 

♦4* 

♦111 


X»1 

Ml 

ail 


Jts^, 




M2 


Ml 




«> 

4l,l 

/j;/ 

£11 


«./ 

n,* 


K» 


/«•« i 

n 

mAf> V 


till 




KMII 


HfR/Ml 


*■11 

1+4/: 

tift 


♦<4| 

+4,1| 

♦O 

1.1 


•/lii 


M u 
41 »T 


4J^ 
41 # 
IV 41 
♦» M 
47 4 


144 4/ 
10 If 
44 / 

a <1 

.74 it 


h44 

Hi 

Ml 

Ml 

P41 


7« ft 
fj /I 
>0 49 
41 J4 
7/ 43 


)• t) 
ii 43 


4f.f|>MH73 ffl+47 




-4* 

Ml 

MI 

Ml 

Mi- 


iMl 

n* 

M» 

Ml 


M4 

1} 

M* 

Ht 


Ml 

+4,7 


long. lat. 


ll'l 

14]f/Biim‘at ft,t 
MU 
/I4.7 

/Ml 


lf.7<l/M^ /M4 

//U 
/Mf 
//U 
,fri 


/H4 

3l7«tw-i^ /l\l 

1910 

if.T»ft iSu im 


mill#/ 

IM7 44.4k>43 
oi3w $•!>« mr f M +i/;sj 
»3yw,fri7.ft< mi /4.iU#>l»7 4 


'i*/:*r 1117 

4f.7«n4KijK% Jf/.r 


HI 

H4| 

nx 

/fii 

Hi 


1-Mi: 

-1* 


*u 

m 

114 ] 


H4 

1+M 


1+4/1 

IMA 


III 

<Ul 


444 


X‘ 
1 * *♦ 
I 


-Ml 

zSl 


y ft 
lUL 


4> !♦ 
ti M 


♦M <# n 


1+mW m 


♦4/1 


n/^i 


7 


XlbUt 


4Mm* 


H>4+/»,1 

V/IKHI 


<1 It 


49 41 

la ^ 


ItJl 


a 4» 


-24 k# #9 
,11 4/ 
77 1/ 


jra 

N 4I| 


44. 

♦41 

♦U 

Ml 

sU. 


Ht 

*U 

Hi 

♦a 

m 


Ht 

♦M 

+M 


♦44 

♦/M 

-27 


*n 

-21 



78 




..‘J I"'’ 

OF POOR QUAlH I 






and in (^7)j according to formula (^5) 






In Table (^8) all values of 4 > and ij^ arepositive; 6j^ signifies 
the observed declination, valid for I885. In the main, it is 
reduced to I885, as are, e.g., my observations of the 2^ locations, 
numbers 8, 10,- 13, 1^, I8 to 37. 6^ is the declination, computed 
according to ( 43 ) with the help of the observed inclination, 1^. 

The average of the deviatlens 5 ^ - 6^, of formula ( 43 ) from observa- 
tions is ±1.08°, disregarding signs, and excluding the location no. 
4 l, which is near the magnetic North Pole, since this location 
deviates too much. On the whole, formulas ( 43 ) and ( 45 ) become 
Inexact in the neighborhood of the magnetic poles where the declina- 
tion changes very rapidly, while on the other hand, the compass 
needle assumes there an easily found position, since it points every- 
where toward the nearby pole — so long as there is still sufficient 
directive force in the horizon. 


B. The above tables ( 40 ) and ( 4 l) served for the derivation of 
the equation for 1 as a function of x and X. For the I8 equidistant 
values of i for the northern hemisphere in which 1 is positive, I 
found: 


Formula 


r 

4-? 


M. 


/,#aVII44$ 


u 

u 
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and for the southern hemisphere, where positive and negative inclin- 
ations i occur: 

Formula (50) 

r . - y®' it* it 

4 # I » -W.* ♦ OVhf 

tt i m ^6j.y » 4»>nf 4<<.v i4**ty * /. » w <>.»♦ ja>* miw n nytt wy «♦/») 

Thus, we obtain, in accordance with the formulas (49)> whose 
vertical number rows are functions of x, for the northern magnetic 
hemisphere, where 1 is positive 

Formula (^9) 

“ 

I « 9 1 V I '-AttC A T - Vj-l? It) . 

Here again the factors enclosed in parentheses and underscored 
are logarithms which are inserted in place of their numbers* . 

For the southern magnetic hemisphere the simple formula (53) 
given below must be applied instead of the above formulas (5'0) while 
the latter are too complicated and are very Irregular with respect * 

■j 

to X, so that they would yield inspect results. In the auxiliary -- 

table (^9)gi which I have combined with formula (^9)^^ iu order to ^ 

facilitate computation, the symbols have the following 

meaning: ; 

.. . 

' ' j 

C. The horizontal In^.ensity, x, represented as a function of i and X 

;i •' * 

1 ■■ 

Finally, I calculated again with the observational data of the V 

above tables (38) and (39) the following equations of the form 

7^ « 
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AUXILIARY TABLE (^9)^ for formula (^19')^ 



Formulas (51) 
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From these I derived t-he general formulas (52) and (53) 

774 

For the northern magnetic hemisphere In which 1 Is positive; 

Formulas (52) 

For the southern hemisphere where 1 Is negative. In formula 
(53) 1 Is to be Inserted as a positive number 

Formulas (53) 

IH ♦ A/ u/f 

The factors In parentheses which are underscored In formulas 
(52) and (53) are logarithms, which I have Inserted In place 
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of their numbers. 

The following auxiliary table (5^) gives the quantities 

with the argument i and serves to facilitate 
the computations with formula (52) and I have set: 

sr)/solt) V/~ ifi iAl vr )/9iU/'^i3)fy»u/'*^ 

In the auxiliary table (55) to formula (53) which follows (5^, we 
have : 

(^i' ,<Pi , a Vi 

It is to be generally noted that i in all the preceding formulas 
from (37) on is to be expressed in degrees and their fractions, and 
it will be obtained from them in this form also. 

Comparison of the foregoing formulas between 1 and x with 
individual observations 


Comment on the vertical Column A in the following tables (56), 
(57) and (58): The inclination 1^ i.s computed according to the 

formula > Ab ” ^r^ given in minutes, and (x^^ - 

Tp) in Gaussian units of the third decimal place; the horizontal 
intensity x^ is computed by means <■ ' the formula 

(cf. the above formula (6)); finally, 1^ is the observed inclination 
and Xb is the observed horizontal intensity; i^ is calculated accord- 
ing to the above formula (49) , and x by means of formula (52) or 

tX -L 

(53); (i;|^ - i^) is expressed in degrees and tenths of a degree and 
(x^ - x^) in Gaussian units. Just as a.re x^ and x^ . 
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Auxiliary formula (5^) to 
formula (52) 

(5 Auxiliary formula (55) to 
formula (53) 

1 1 K ( <»**! ^ t 
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The tables published previously by me In Treatise 1895 and the 
auxiliary tables (49), (54) and (55) were used in computing the 
quantlcles 1^ and The column (illegible) of the seven tables 

(56)- (62) Indicates the year of the observation of Ij^ and . 

TABLE ( 56 ) The zone between the latitudes + 80 ® and +60° 
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TABLE ( 56 ) The zone between the latitudes +80° and +60° 
continued (same headings) 
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TABLE ( 58 ) Zone between the latitudes +50° and + 38 ° continued 
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TABLE C59) zone between the latitudes +50° and +30° 
Note to Column A. i„ is computed by means_pf the formula 
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and T also by means of formula (20): 

GaussJan units of the 3i*d decimal 
place in Column A. 

In all the tables (56)- (62), ij^ denotes the observed inclination and 
the observed horizontal intensity expressed in Gaussian units. 
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TABLE (59) Zone between the latitudes +50° and +30° continued 
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i^ and in Column A are computed according to the above formula 
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TABLE (6l) Zone between the latitad^'iS 0° and -27° 

The signs in (6l) have the same significance as in Table (60) 
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TABLE (62). Zone between the latitudes -27° and -^0° 

The signs in (62) have the same significance as in Table (60) 
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The average of our seven tables (56)-(62) yields accordingly , 
the following values of the columns A and B, of which the first. A, 
rests on the formulas (6), (7) and (37) of my Treatise 1895 and which 
I have (illegible) briefly mentioned here; the latter, B, however, 
rests on the formulas (^9)^, (52), (53), newly found in the present 
paper, in which formulas the latitude (p does not appear at all, 
although it is replaced to a certain extent by the inclination i. 

Mean deviations between observation and computation according 
to the formulas: 
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On the average, the inclination i is obtained somewhat more pre- 
cisely in accordance with the new formula (.49)^, than in accordance 
with the formulas (6), (7) and (37), previously obtained by me; the 
horizontal intensity t on the contrary discloses, according to the 
new formulas (52) and (53), somewhat larger deviations (t^ - t^) 
than acer. ding to the previous formulas (6), (7) and (37). 

However, when at a location either only i^ or only is observed 
and we wish to compute the missing x or i in accordance with my for- 
mulas, we can determine the latter much more exactly than, in accord- 
ance with the values (i^ - i^) = +29.3’ or ~ +22.5' and (x^ - x^) 

= +0.045 or = +0.058 Gaussian units , This is to be expected since, az 
be seen from Tables (56)- (62), the corrections to the formula values 
(i^ - 1^) and (x,|^ - T^) are in most Instances not of a chance kind, 
but change systematically from place to place on the Earth's surface. 
In order namely to obtain 1 and x as exactly as possible for a definit 
place n, v?e must first compute them according to the formulas 


mentioned, and correct the values thus obtained, or by the 
quantity (ij^ - 1^) or (x^ - x^), which are either interpolated from 
our Tables (56)-(62) for the location n, or else are found with the 
help of specially computed neighboring locations, whose ij^ and x^^ 
are known. The same correction procedure can be applied in connect- 
ion with the exact computation of the magnetic declination x, in 
accordance with the formulas (^3) and (^5). 

In Tables (60)-(62), many values of (i^ - i^) are missing — due 
to their uncertainty — while for lower latitudes we can indeed derive 
X from i, but not 1 from x with some precision with the help of the 
formulas . 

The (illegible) changes of the factors a, a^ and c of the above /84 
formulas are very slight, as already mentioned. 

In order also to obtain the degree of temporal change in the 

formulas (51) j I have used the Tables (10) and (11) published in the 

supplement to Treatise 1895 which are borrowed from the works of 
Sabine, and then I have obtained by means of graphical representa- 
tions the below Table (63) for the horizontal intensity x. After 
converting the entire Intensity given by Sabine in English units 
into Gaussian units, and multiplying the results by the cosine of 
the intensity, I entered as ordinates on a separate page for each 
longitude X = 0°, 30 ° i 60°, etc., the inclination i of the mentioned 
Table (10) and the horizontal intensities x which belonged to the same 
longitude as i, while the latitude <j) formed the common abscissa for 
the two curves 1 and x. Thus I obtained 12 pairs corresponding to 
the curves for i and x, and was able accordingly to set up easily 

the Table (63) of the values x, whose arguments are 1 and the longi- 

tude X. 
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TABLE ( 63 ) valid for 18^2 
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Prom this I have derived the following formulas: 


Formulas (64) computed from the observations compiled by Sabine 
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Formulas (64) continued 
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These equations which are valid for 18^12, are almost the same 
as those I have derived for 1885 with the help of Neumayer's charts 
(cf. formulas (51)); in particular, the first term of the right side, 
the principal term, agrees very well. If we wanted now 
to set up a formula in which only the three magnetic elements 6, i 
and T appeared as variables, then we would have to either eliminate 
X from the equations (^3)> ^52), (53) which are respectively 

of the form 6 = P(i, X), i = f(t, X) and x = g(i, X) (where F, f and 
g are function symbols), or directly derive such a connection 
between 6, i and x from the data of the above Tables ( 38 )-(ill). In 
the first case, it would be necessary in order tc eliminate X to 
expand sinX, cosX, sin2X, etc., in powers of X, according to the 
familiar sine and cosine series, and we would, if we would content 
ourselves with a rough approximation, and e.g., wanted to break off 
v:ith the 7th, respectively the 6th power of X, obtain ambi- 
guous functions; in the second case, however, in order to find the 
Bessel sine series, we could successfully set no other argument in 
place of X, neither 6, nor i, nor x, as can easily be seen from the 
above Tables (38)-(4l). That, corresponding to the functions 
f(6, X, iji) = 0, P(i, A, •}>) = 0, g (x, X, (f)) = 0, no function 
P(6, 1, x) = 0, valid generally for the Earth’s surface can be found, 
is clear without further ado from the magnetic charts (e.g., those 
of Gauss and Weber) since two of the line systems with equal 6, i, 

X cannot replace the astronomical meridiahr- ^nd parallel circles as 
coordinates due to their complicated course. 

Hence, we must forego an equation, valid for the entire terres- 
trial surface,-, which represents the connection between the three 
terrestrial magnetic elements 6, i and x. 
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NOTES 


TV P 

Page 10. In the formula for P the factor sinu is not clearly 
lithographed . 

, ii 2 j r li 

Page 26, h = +0.0103 and h^‘ - +0.0132 not clearly lithographed. 


Page 27 . Instead of ’’excluding the ... 48 values...” read: 

"Excluding the 15 coefficients and or p"'^^ and 

the two coefficients g^'^, h^'^^ I have -with the help of 
the remaining 46 values..." 


Page 29 . Horizontal row u = 170°, = 0.004; lithography unclear. 

Page 32 . For u = 95° and = 247.5, X = +3.4l6 is unclear. 


Page 51 . Comment, next to the last row: t = -g— unclear; last row 
is to read: "we must form therefore the sum G - A + a 

in the Tables 


from 6, i, x, if A represents the values 
(30), (31) and (32)." 


